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*What's {n the Brain That Ink May Character?*

Since we have come together as scientists who would become a
bit wiser as to the process of our art, it is proper for us to ask what
are the enduring qualities of our activities and what are our present -
problems — whether we would create poetry. fiction, or scieace. The
American is apt to think first of Mark Twain's law: *You have to

have the facts before you can pervert ‘them.® Which are the facta?

They are those that puzzle us; and not even all of them, but those
that arouse in us one and the same sort of uneasiness {n various con-
texts of experience. From a vague sense of there being something
similar in these facts, we become curious as to exactly what it is that
is similar in them, and we define them with {ncreasing clarity, doing
all of this before we are able to phrase a 8ingle question to put to
nature. At that stage we are uncertain whether we rea.ny have one
cuestion or several questions.

You will find this difficulty explicit in the writings o! Galileo,
who, in founding physics, speaks of two new sciences where we now
2izd only one. Kepler, in the act of putting physics into the sky to
zrcduce elliptical orbits. was actually up against two questions. one
{n geometrical optics, and tie other in machanics, where he origl-
nzlly thought them one question. At the end of the last century, it
looked as though physics was only a matter of pushing one decimal
point to have a tidy theory of the universe. Only three awkward
items had to be explained. These were the precession of the peri-
helion of Mercury, the drag of a moving medium on refracted light,
and the absence of an mther drift. They raised three apparently
scparate questions, and no one expected that he had a single answer
in the theory of relativity before that answar wad fosthcoming.” Today
there is 8 similar uneasiness in physics, perhaps .foreshadowed by
the want of a general fleld theory. It arises from the multiplication
of the strange particles of subatomic physics, from the behavior of
ballistic missiles, from transitions from streamline to turbulent
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‘and was saved only by the "puffers! so psychology was hindered by

flow, and from reports of an enormous objecf, a fifth of the age of ’ Cp
the universe away, which pulsates so fast that it requires a physical
transmission immensely faster than light to keep it going.

The role of the projectile, and of its impact, in the development
of physics may be of more than historical importance. In Galileo's
hands, it proved fatal to the Greek doctrine of natural places. It dis=- ' | i
pfoved Descartes! attempted solution in terms of a plenum with a con»- ' ‘
servation of motion, and Leibnitz' plenum with a conservation of forée, '
It now threatens Newton's conservation of momentum. For macro- |
scopic projectiles and their impacts, there seems to be an intrinsic

time, or ¥, during which they absorb or deliver energy but during

which they are incapable of a conservation of momentum in the
macroscopic sense, and thus require a third temporal derivative. Its
introduction has also served to explain both varieties of turbulence,
the 'quasiperiodic and the hyperbolic, or explosive, in our rockets.
Davis has pointed out that, without this assumption, these can only'
be explained away be distinct hypotheses ad hoc. Several of my
friends have been asking whether or not atoms and particles may have
a T that might account for some of their strange particles; and, at .
the other extreme of size, whether or not the gravitational field, as -
the electromagnetic field, may propagate, thereby givinga T to
gigantic structures. In short, it looks as though physics is again |
about to enjoy a new resolution, or at least a new revolution, and
whether there be one quesfion or many remains to be seen.

Since this is so in the most advanced of sciences, there is no -
need to apologize for the state of our own, for we are Johnnies come
lately into the hypothetical and postulational stage of knowledge. Just:
as chemistry got off to a bad start in the rigid doctrine of alchemy

doctrinaire epistemology and saved only by biologists. To make
psychology into experimental epistemology is to attempt to understand
the embodiment of mind — here we are confronted by what seem to be
three questions, although they may ultimately be only one. It is these -
which we would like you to consider. | :

. The three enst as categorically dmparate desiderata. The ﬁrst
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ig at the 1ozical level: We lack an adeguate, appropriate calculus Jor
triadic relations. The second 18 at the psychological level: We df‘o
not lmow how wo geaerate hypotheses that are aatural and simple. The
third is at the plysiologicel level: We have no circuit theory for the
rcticular formation that marshals our abductions.
‘Logically, the problem is far {rom simple. To be exact,no pro-
posed theory of relations yields a calculus to handle our problem.
When I was growing up, only the Aristolelian logic of classzes was
ever taught, and that badly. The Crzanon itself containg only a clumsy
description of the apégoge - perhaps {rom the notes of some student
who had not understood his master., Peirce says that when he was
raaking the Century Encyclopedia, he understood the passage so badly
- that he wrote nonsense. "The apagoge; ordinarily translated "the
abduction,® is explained by Peirce as one of three modes of reasoning.
The first is deduction. which starts from a rule and proceeds through
a case under the rule to arrive at a fact. Thus: All people with
tuberculosis have bumps; Mr. Jones has tuberculosis; segultur -
Mr. Jones has bumps. The sccond, or induction, starts from cases
of tuberculosis and patients with bumps and guesses that the rule is
tiiat all people with tuberculosis have bumps. Peirce calls this *taking
habits®; and properly it leads only to probabilities, coefficlents of
correlation, and perhaps to factor analysis. The gucss at the rule
roquires something more — a creative leap, even in the most trivial
cases. The taird, or abduction, starts from the rule and guesses
that the fact is a case under that rule; All people with tuberculosis

- have bumps; MMr. Jones hag bumps; perhaps Mr. Jones has tubercu-
~._3is. This, sometimes mistakenly called an "inverse probabilityis,
is never certain but is, in medicine, called a diagnos‘is or, when
rpany rulees are considered, a differential diagnosis, but it {s usually
fized, not by a ctatistic, but by {inding some other observable sign to
clinch the answer. Clear examples of abduction abound in the

Hippocratie corpus but are curiously absent in Aristotle's own wrmngs. '

where one finds only geaus, specles and differentia.
What seemsa even stranger in the Greek writings is a totzal absence
of our notions of a priori or a posteriori probability. The ancients
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had only a possibility and a guess. The probability as we know it was
gtill nearly two thousand years in the future. Possibility appears in
Aristotie's problematic mode but was even more sharply handled by
the £toics and by the physicisas. Both groups questioned whether a
prosable proposition can be said to be true if it never heppens to be
fulfilled. One thing is clear, then — the mind makes a leap from the
cases and facts to the rule, and Mill's ettempt to bridge this gap,

and the attompis of all of his followers, slur over it todeasily. We
do not know how we even ‘make the jump and come up with a simple
and natural hypothesis - certainly not from probabilitles.

When I was young, it was fashionable to sxeer at stoic logic as
mere pettifoggery; at thas very time it was being slowly and labori-
cusly re-created under the alias of the logle of propositions. Thanks
largely to Northrop and to Samburaky, 1 have recently become
farailliar with its tenets. Had I Imown it forty years ago. it would

have saved me rauch wasted labor. In the {irst place it is, as
' Peirce points out, both pansomatic and trisdic in its propositions.
Thero are always three real rolated bodles: One'te the utterance,
the flatus vocis of Abelard; one is that which it proposes; one is
something in the head like a fist in the hend called the Lekton.
Shokespeare, af about the age of twenty-five, had it clear! - and
wrote for a lawyers' club: ‘ '

What's in the brain that ink may characier,
Which hath nct figurtd to thee my true spirit?
What's new to cpeak, what new to register,
That may express my love or thy dear merit?

The lawyers for whom he wrote it were concerned with writing
lawyers' law, whlch grows out of stoi¢ logle, givingus our coae-
tracts, corporations, and constitutions. created as postulated ‘
catities and hypothetical relations, much as we inherited this struc- .
ture from the Greeks to start the renaigsance of sclence.  What's

in the brain is the stoic Lekion., Staic law contemplates possible
aliernatives but never probabilities, and time enters. allowing no
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coniract without date of terminztion, no bond without date of redempiion,
axd no clected office but fZor a Mmited torm.

Time appezars in gloic logle in the relation of the necessary o the
rossitle, ond I have heard lawyers discuss this 238 a probable scurce
cf thiz aopect of contraciual law. There are thvee statements alivribe
uled to Diodorus, called the Maszier, of which any two may be $rue aand
the third folse: Every possible truth about the past {s necessary;

An Imposeible proposition may not follow from a possible one; Thore
is a propozition possitle that neither is true nor will be true.

Diodorus rejected the third and defined the ®possible® as that which
iz or will be true. This is in keeping with his notion of implication,
which i3 concerned with time. He held that A fmplied B only i for
ail time, A as a function of time, matericlly implied B as a function
of that time, For the lazt of the great Stoic loglcians, Fhilo, implicae
tica woo our moterial ironlication. Thore wore at least two other
forms of implication used by the Sioles, one resembling strict implie
cation, and the other periaps requiring analyticity. Unfortunately, '
nong of these is the {mplication that we really want for our purposes,
and, as you will ses, we hove had 4o turn $o biclozy for the notion of
a bound causo. A signal should be gaid to imply its notural cause,
which is bound, and not iis canual cauze; for when it arises ectopically,
it iz folse for the receiver. The communication engineer calls such
a false signal Pnoisel" Again, the trouble is that we are dealing with
a triad of Sender, gigwl. and Recelver, and with the stoic triad:

& mean3 B to C. The sizgnel meoons to the recoiver what the seader
intended,

In order to avold parcdozes and ambizuities, the Stoics not oaly
would not allow any self-roference, 2s in the famous Cretan's *This
ciatemont is a He,* but would net allow a proposition to imply itself
aud, as aa added precaution, weould not cilow a negation within a
proposition. This icll theom with implicotion, and an exclugive or,
and with a nct both, the last of which {8 020 of Peirce's amfexes, or
avercion of Sheifer's stroke. IHence, thsy needed exactly five figzures
of argument to form a complete logic of atomie propositions.




About 1920, I aitempled fo coastruct 2 logic to handle the probe |
loms of kmowledge and aciion in ierms of 2 logical analysis of propo-
gitions involving verbs oilicr than the copulntive, and found it worse
than modal logle. One has to distinguish those verbs in which the
vhysical activily described by the present tense begine in the o'bject
=nd ends in the subject, such as verbs of sensation, perception. etc.;
thosge in which it beging in the subject and ends in the object. such as
the verba of action; the group of so-called intransitive and reflexive
verks in which the events begln in the subject and end in the subject,
called the verus of behavior; and {inally, a group of verbs that in the
present tenge refor to no action but define some kind of action that
will be taken if thus-and-£0 haoppens — verbs & sentiment, which are
s projogitionsl Vfanctions rather than propositions. In perception,
time's arrow poinls to the past; in action, to the future; in behavior,
it becomes circular; end in sentiment, it simply does not exist.
Literally, one deals with a ctate. I gave up the attermpt because I
roalized that I had been trepped by the subject-predicate structure
of language Into supposing I was dealing with diadic reletions, whereas
they were irreducibly triadic. My hypothecis was simple and natural,
but I had mistzien the Satus vocls for the Lekton.

I next attemsted to construct for myself a simplest psychic act
thet would prezerve iis ccsential character; you may call it a
*poychon” & you will. It was to be to psychology what an atom wes
to chernisiry, or a gene to geactics., This time I wasimore fortue
n2te, probably thanks to studying under Morgan of €ruit fly fame.

But my psychon differed from an aiom and from a gene in that it was
to be nct on endaring, unsplitiable object, but a least event. My
postulsted psychone were to be related much as offspring are to their
parents, and thelr occurrence was in some sense to imply a previous
generation that begat them. There {s perhaps no better understood
tricdice relalicn than family siructure. Even the colligative terms
are clearly specified. There is scarcely a primitive tribe but has
kinzhip structura. So I was foriunste in this hypothesis in the
scnge that it jave a theory of aclivily progressing from sensation to
action through the brala, and even more 50 in this, that the structure
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of thud poszage was anastomotie, whareby afloreats of any sort could

Y3 R

Imd tnslr way by intersecting polus to coy sct of effceenis, so rclating
wereepticn to cetlen, The implicction of psychons pointed to the pasat,
c.2d thele fntention [ foreshadowed the propooed response. In thoce
Coy@ the neuronsl hypothesis of Damda y Cafal and the alleore-nono
1o of czenal impuloces were relztively novel, bat I was overjoyed ¢o
find {1 them some exbodiments of goychons, There wos 2 Leldon in

hz kood Like o fist in the hand, but it took me out of poychology through
medicing and neurclory to ensure my pansomatism. Thereafter. in
toaching physiclogical poychiolozy of Scith Low Junior College. I used
symabols for particular nourcns, subscripiced for the time of their
fmumulze, and joined by fmplicotive characters to express the depend-
ence of thet impulse upon receizt of impulees received & moment, or
sy..opile delay, Boonsr.

Eut even then I could not handle eircularities in the net of neurans.
for which I lacked a geactic model. They were postulated by Kubie,
in 1930, to explain memory aud thinking without overt activity in the
uppozititious-linked reflezes of the behaviorists. Circles were well
Inown ag regulatery c;gf}icca, as rcfiexes, in which the action instead
of tzing regenerative was an inverse, or nezative, feedback., iy |

DN,

snodor difficulty was hoving insufficient knowledge of modular methe-
rootics. This, Walier Pitiz could handle, and we published our paper
¢n a logienl coleylus for ideas immanent In nervous activity. Chicago
in thoze doys was under the opell of Budel! Carnap, and we employed
hio terminclozy, aithough it was not most appropriate to our postu-
ates ood hypotheses, Quite apart from micprivis, this has mede it
unduly difficult for all but a few lks Eaor-ilillel, who worked with .
Carazp, and we shall always be gratefal to Kleene for putting it into
o iaore intelligible form. 1 still feel, however, that he treated
closed loops too cavalierly and eo lefl open questions that we had
raised, znd neglected certain distinciions which, in Papert's honds,
rany prove a gource of new theorems relating nots to the structure
¢? the funclions that they compute. The history of the ensuing develop-
ments in automata theory i cestzinly fzmiliar to you.

ata
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our logical imitation, for thore simply does not exist any proper way
- to handle the triadic. or n-adic, relations of such relata. We cannot
“iato our problem in a finite and unambdizuous manner. ‘
That man, like the beasts, lives in the world of relations, rather
than In & world of classes or of propositions, seoms certain. He does
not know the relative aize of two cubes from a measurement of the
lengths of thetir edges, or even from the area of their faces. If he can
Just detect a difference of one part in twenty of a length, he can do the
same for areas and also for valumes. I happen to have spent two years
in measuring man's ability to sst an adfustable oblong to a preferred
cghape, because I did not bollove that he €1d prefer the golden section
or that ho could recognize it. He does and he can! On repoated
settings for the most pleasing form he comes to prefor it and can set
for it. The game man who can only detect a difference of a twentieth in
length, area, or volume, sets it at 1 to 1.618, not at 1 to 1.617 or
110 1.619. So the sssthetic judgment bespeaks a precise knowledge
of certain~ ghall I say privileged? — relztions directly, not come
pounded of the simpler perceptibles. A gculptor or.painter some=
times told me he had added enough to a square go that the part he
had added had tho same shape as the whole.  This example is pertinent
here, for in this case we do have an adequate theory of the relations,
namely ratio and proportion. DBut these apply only to the perceived
object, not to its relation to the statemert or the Lekton in the brain
- of tho msthete. Clearly, the concept of a ratio must be embodied
bafore the concept of a proportion can be conceived as the {dentity
of the ratio, Once formed, the concept endures in us a8 the embodie
ment of an eternal verity, a sentiment, like lave. To qnoto b‘om
the same Shahespem sonnet:

./" T4



What's new ...

Nothing sweet boy, but yet like prayers divim. R

I must each day say o'er the very same, e

Counting no old thing old, thou mine, I thine,

Even as when n first I hallowed thy fair name.

So that eternal love in love's fresh case,

Weights not the dust and injury of age,

Nor gives to necessary wrinkles place, L

But makes antiquity for aye his page, 8 o
Finding the first conceit of love there bred A
- Where time and mardformwouldohawndcad. ‘

Sonnettpvm .

Snchtsthcbuuvwamnand thepureform.thcgoldeaucuon.“ S

in the ruins of a Greek temple.
Thagoldcnaectionuaratiowhichcmotbacomputodbym
Turing machine without an infinite tape in leas than an infinite time.
It 18 strictly incomprehensible. Yet it can be apprehended by finite
sutomata, including us. Nor does it arise from any set of probabili-

ties, or from a factor analysis of any data or correlation of cbservae-

tions, but as an insight - a gueas, like every other hypothesis that

. is natural and simple enough to serve in science, It is nearer to
the proper notions of clagsical physics than to the dncripun h\u.
the curve-fittings. that bedevil psychology.

This brings us to the problem of abduction, theapagagc. Evoln. . e

tion has provided us with reflexive arcs organized for the most part
by what are called "half-centers," whose activities may alternate,

as in breathing or walking, or synchronize, as in jumping. : These
are then programmed for mora complicated sequences, and all of
these are marshaled into a few general modes of behavior of the
whole man. Paychologzists and ethologists count them on thelr fingers
or at most on their {ingers and toes. These modes of behavior are
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- activily of thal segme

instinctive, and only the manner of their expression and their manner
of evocation are modified by our experience. The structures that
médiate them have evolved in all linear oz rganiems, like us, from a.n
original central net, or reticulum, and while thoy may be very dig-
similar from phylum to phylum, the central core of that reticulum

bas remained curiously tho came {n all of ug., It is distributed throughe '
- out the length of the neurazis and in cach segment determines the

o i AR PP | PP ) S PRy - y andl LBV o
td Pty sat iocally, and relates it to the aC‘hvﬁ‘i ot GlisT

segments by fibers and azons, running the long way of thoe neuraxis.

The detalls of its neurons and their specific connections need not cone
'.¢ern us here. lIn general, you may think of it as a computer to any

part of which come signals from many parts of the body and from
other parts of the brain and spinal cord. It is only oae cell deep on
the path from input to output, but it can oot the filters on all of it
inputs and can control the behzavior of the programmed activity, the
half-centers. and the reflexes. It gets a substitute for depth by its

. intrinsic fore and 2ft connecttons. Its business, given its knowledge
~ of the ctate of the whale organiom and of the world impingent upon
- it, -is to declde whether the given fact 1s a cage under one or another

Tule. It must decide for ths whele organtsm whaethes the rule is cne
requiring fighting, fleeing, cating, cleeping, ete. It must do it with
=nilligecond component action and conductlsa vslocities of usually
less than 100 meters per second, and do it in real tims, say, fna

third of a second. That it has worked so well throughout evelution, .
without itself evolving, points to ita structure oo the natural sclution -
- of the organization 0f appropriate behavior. We know much experie

~ mentally of the behavior of the components, but still have no theary

werthy of the nams to explain its circeit action. Willlan Xilmer,
who worita on this problem with me, is more sanguine than I am
about our approach to the question. Again, the details of our attsmpts
are irrelevant here. The problem remaing the central one in all
command and control systems. Of necessity, the system must enjoy
a redundancy of potential command in which the poséession of the
necessary urgent information consﬂtutes authority in that part
poasessing the information.
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The problem is clearly ona of triadic or n-adic relatioas, and .
is almozt, or perhaps extiraly, unzoecifiabie in finide and \mambi'faws(- -
terms without the proper ealouius,

We szeo. izen, the samo theme running throughout. We lack a trie
adle logler We do not know howto ercaie natural and aimple hypotheses:
- we have, af present, no thcory io sccount for those abductions which
have permitted car evelution, ensured our ontegenesis, and preserved |

+
our lives. The quesilion romaing:

What's in the braia that ink may character?




